INTRODUCTION
Rare-earth manganites have been the subject of considerable investigation since the discovery of their colossal magnetoresistance (CMR) properties (1, 2) . Hole-doped manganites (R \V M V )MnO (R"trivalent lanthanide; M" divalent alkaline earth cation) with the perovoskite structure have been known to be an interesting class of materials. These materials exhibit a transition from a paramagnetic insulator to a ferromagnetic metal as the temperature is decreased, accompanied by a maximum in the electrical resistivity at a temperature ¹ , which is close to the Curie temperature ¹ ! . When a magnetic "eld is applied, the resistivity decreases and ¹ shifts to higher temperatures. This phenomenon is the CMR e!ect, which has been explained by the double-exchange interactions resulting from the electron (hole) transfer between Mn> (t g e g ) and Mn> (t g e g ) with strong on-site Hund's coupling (3) . The CMR behavior in manganites is closely related to the magnetic exchange interactions between two magnetic cations separated by an anion. Much of the e!orts to improve the CMR e!ect at low "elds and higher temperatures, which are very important for the practical application of these materials in devices, have been focused on the La-based manganites. As a function of temperature, e!ective ionic radius 1r 2 of preovskite ABO structure, Mn site disorder, applied magnetic "eld, applied pressure, or internal chemical pressure, this system displays a rich variety of properties (4}11). An increase in the paramagnetic to ferromagnetic transition temperature (¹ ! ) with x and reaching a maximum (&370 K) around x"0.4 was observed in La \V Sr V MnO (12) . Moreover, the crystal structure of La \V Sr V MnO at room temperature changes from orthorhombic (Pbnm, Z"4; x(0.175) to rhombohedral (R!3c, Z"2; x50.175) (12) . The chemical substitution of Sr> for La> in La \V Sr V MnO increases the Mn valence with increasing Sr content. The largest in#uence on the structure is the overall amount of Mn> as pointed out by van Roosmalen et al. (13) . With increasing Mn>, the unit cell volume decreases and the symmetry changes. With a low Mn> content an orthorhombic symmetry with a rather large deviation from the ideal perovskite structure has been observed, which is due to ordering of the Jahn}Teller distorted Mn>O octahedra. The ordering is destroyed by an increase in the Mn> content, resulting in rhombohedral symmetry with a large Mn> content. While the ¹ ! is close to room temperature in Ba-doped LaMnO (e.g., La \V Ba V MnO ) (14) , it is above room temperature in Sr-doped LaMnO (2, 4) . The gradual replacement of Ca by Ba in La (Ca \V Ba V )MnO (14) results in an increase in ¹ ! from &265 K at x"0 to &340 K at x"0.33. The phase transformation from orthorhombic to rhombohedral, which has been observed in the La (Ca \V Ba V )MnO system with "xed Mn valence, is di$cult to explain as the e!ect of increasing the Mn valence.
In this paper, we present our studies on the e!ect of doping Ba> into the Sr> site in La Sr MnO . We also demonstrate the relationship between the Mn}O bond , and MnO were mixed and calcined in air at 9003C for 24 h. The samples were then sintered in air at 14003C for 24 h, at 15003C for 24 h, and again at 15003C for 24 h with an intermediate grinding after each heating step. Powder X-ray di!raction analyses were carried out with a SCIN-TAG (X1) di!ractometer (CuK radiation, "1.5406 A > ) at 40 kV and 30 mA. Data for the Rietveld re"nement were collected in the 2 range 203}1203 with a step size of 0.023 and a count time of 10 s per step. The GSAS program (15) was used for the Rietveld re"nement in order to obtain the information about the crystal structures of La (Sr \V Ba V )MnO . Electron di!raction (ED) and high-resolution transmission electron microscopy (HRTEM) were carried out using a JEOL 4000EX electron microscope operated at 400 kV. The samples for the microscopy were dispersed in alcohol before being transferred to the carboncoated copper grids.
The valence of Mn was determined by the X-ray absorption technique. The X-ray absorption experiments were carried out at the Synchrotron Radiation Research Center (SRRC) in Taiwan with an electron beam energy of 1.5 GeV and a maximum stored current of 240 mA. The spectra were recorded by measuring the sample current. The incident photon #ux (I ) was monitored simultaneously by using a Ni mesh located after the exit slit of the monochromator. All the measurements were performed at room temperature. Two cycles of runs were performed for each sample. The reproducibility of the absorption spectra of the same sample in di!erent experimental runs was found to be extremely good. The photon energies were calibrated to an accuracy of 0.1 eV via the known O K-edge absorption peaks of CuO. The valence of Mn was also determined by chemical titration. The samples were dissolved in an excess of 20 ml of K C O and 2 ml of H SO around 653C maintained by a water bath to reduce all MnL> to Mn> (3(n64), and then the excess C O\ ions in the solution were determined by titration at 653C with a standard solution of KMnO (16) . Magnetization data were collected using a superconducting quantum interference device (SQUID) magnetometer (Quantum Design).
RESULTS AND DISCUSSION
The powder XRD patterns of the La (Sr \V Ba V ) MnO (04x40.4) samples are shown in Fig. 1 . Each composition of the series was of single phase. The peaks in each pattern can be indexed on the basis of a rhombohedral unit cell (space group, R-3c). A typical example of the observed and calculated di!raction pro"les of the sample with x"0.2 is shown in Fig. 2 . The cell symmetry was identi"ed by the observation of the re#ection based on the limiting condition on hkl: !h#k#l"3n, with the R centering of the unit cell which is consistent with the results of the XRD re"nement as shown in Fig. 2 shown. The enlargement of the Mn}O (along each direction of the MnO octahedra) bond distance is consistent with an increase in the cell volume. Moreover, an increase in the tolerance factor (t ) with increasing Ba doping was found (as shown in Table 1 ). The tolerance factor is de"ned as (r #r )/(2(r #r ), where r , r , and r are the ionic radii of the A, B cations and oxygen, respectively, in the perovskite ABO structure. The t "1 for the compound with an ideal perovskite structure. If t (1, the strain within the compound is increased. Therefore, the t increases (from 0.939 for x"0 to 0.961 for x"0. 4) Figs. 4a and 4b , respectively. The corresponding electron di!raction patterns are shown in the insets of Figs. 4a and 4b. The cell symmetry was identi"ed to be rhombohedral by the observation of the re#ections based on the limiting condition on hkl: !h#k#l"3n, with the R centering of the unit cell.
The Mn 2p-edge X-ray absorption near edge structure (XANES) spectra of the compositions La (Sr \V Ba V ) MnO (04x40.4) are shown in Fig. 5 . As can be seen from this "gure, the spectra show two broad multiple structures separated by spin}orbit splitting (Mn2p   and  Mn2p ). The chemical shift is caused by changes in the electrostatic energy at the Mn site driven by the variation of the ionic valence in the compounds. It is well established that the e!ective ionic valence of the compounds can be measured from the chemical shift of the core-level X-ray photoemission (18}20). We, therefore, adopt the same scheme and determine the Mn valence to be around 3.43$0.05 across the series La (Sr \V Ba V ) MnO for 04x40.4. Moreover, the Mn valence of all the samples as determined by chemical titration is also around 3.42$0.04.
In Fig. 6 , we show the temperature dependence of magnetization at a magnetic "eld of 0.1 T for the series La (Sr \V Ba V )MnO (04x40.4). In the temperature range 380}350 K, a paramagnetic to ferromagnetic transition is observed in the series. A decrease in ¹ ! from 380 K of x"0 to 350 K of x"0.4 was observed. This suggests that the bigger Ba> ions substitute the smaller Sr> sites, leading to a decrease in the ¹ ! . Based on the model of double exchange, a lower ¹ ! corresponds to a poor overlap between Mn3d and O2p orbitals, resulting in a reduced bandwidth (=) (4). The following empirical formula has been used to describe the variation of bandwidth (=) in the doubleexchange mechanism of manganites, the Mn}O bond length. With increasing x, the Mn}O}Mn bond angle remains unchanged (as can be seen from Table  1 ) and the increase of Mn}O bond length (as shown in Fig.  3 ) contributes to the decrease of =, which results in the decrease in ¹ ! . The increase in the Mn}O bond length reduces the overlap between the Mn3d and O2p orbitals. Thus, the chemical substitution of isovalent Ba for Sr leads to poor hybridization between the orbitals in the rhombohedral cell, causing a decrease in ¹ ! . In conclusion, this study has demonstrated that doping of Ba> in the Sr> site releases internal chemical pressure and also decreases ¹ ! . Therefore, the e!ective ionic radius of the A-site, which can be varied by tuning the concentration of Ba> and Sr>, plays an important role in controlling the crystal structural and ¹ ! in the series La (Sr \V Ba V ) MnO .
